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Abstract:	 Preventing	 summertime	 overheating	 within	 passive	 buildings	 is	 important	 for	 the	 comfort	 of	 the	
occupants.	The	 likelihood	that	a	building	will	overheat	depends	on	several	 factors,	 including	the	form	of	the	
building,	the	percentage	glazing	and	the	building’s	thermal	mass	and	insulation.	Furthermore,	the	amount	of	
overheating	depends	on	the	criteria	we	use	to	measure	it.	We	investigate	the	CIBSE	TM52	overheating	criteria	
and	 look	at	how	they	are	affected	by	changes	 in	 the	design	of	a	PassivHaus	 style	building.	We	calculate	the	
percentage	of	possible	buildings	that	pass	each	of	the	three	CIBSE	criteria	using	the	Gaussian	process	regression-





Gaussian	 process	 regression	 model	 to	 determine	 whether	 variables	 exceed	 a	 threshold.	 We	 explore	 the	
overheating	criteria	for	60,000	potential	building	designs.	Our	findings	show	that	the	relative	glazed	area	has	
the	greatest	influence	on	the	overheating	criteria,	whereas	properties	such	as	thermal	mass	and	insulation	have	













PassivHaus	 style	 residential	buildings	might	be	affected	by	both	 the	weather	 files	and	the	
parameters	used	to	design	them.	










intense	heat	wave	event	 (DSY2)	and	 the	other	with	a	 longer	heat	wave	event	 (DSY3).	We	
examine	the	effect	of	these	extremes	on	the	relative	number	of	available	building	designs	for	
each	weather	year.	
We	 explore	 the	 effect	 of	 varying	 five	 continuous	 building	 feature	 on	 the	 potential	
overheating	 of	 the	 building	 as	 judged	 be	 various	 overheating	 criteria.	 However,	 as	 the	
building	parameters	are	continuous,	there	are	a	potentially	infinite	number	of	combinations.	
Even	if	the	features	are	limited	to	20	discrete	values	each,	the	total	number	of	simulations	
required	would	be	3.2	million.	Therefore,	 to	make	 this	problem	more	 tractable,	we	use	a	
Gaussian	 process	 regression	 model	 to	 emulate	 the	 values	 for	 two	 of	 the	 three	 CIBSE	
overheating	criteria	from	CIBSE	TM	52	(Nicol,	2016)1.	We	have	used	GP	models	because	the	





The	 building	model	 that	 we	 will	 analyse	 is	 a	 simple	 mid-terrace	 residential	 building.	We	
simulate	the	results	of	the	building	model	using	EnergyPlus	v8.4	(US	Department	of	Energy	































































𝑊ext = 𝑇thick	×𝑅rel	 and	
	
𝑊int = (1 − 𝑇thick)	×𝑅rel	
CIBSE	TM52	Criteria	
To	test	the	buildings	for	overheating,	we	have	used	the	new	CIBSE	design	summer	years	(DSYs)	
for	 the	UK	 (Eames,	2016).	We	used	 the	DSY1,	DSY2	and	DSY3	weather	 files	 for	Plymouth,	
London	and	Manchester	and	used	them	to	calculate	CIBSE	1	and	2	criteria	(Nicol,	2016).	CIBSE	
criterion	1	measures	the	number	of	hours	where	the	internal	operative	temperature	is	above	












𝑇;7< = 0.33𝑇8; + 21.8	








hours	where	𝛥𝑇	is	 greater	 than	 1	 between	 1st	May	 and	 30th	 September.	 This	 is	 the	
number	hours	of	exceedance	and	provides	measure	of	the	duration	of	the	overheating	




• CIBSE	Criteria	2:	Daily	weighted	exceedance	 (We)	 -	Where	criterion	1	measures	 the	
duration	of	overheating,	criterion	2	measures	the	relative	severity	of	overheating	events.	






them	 into	 two	 outputs,	 CIBSE	 criterion	 1	 and	 CIBSE	 criterion	 2.	We	 can	 represent	 these	









if	 we	want	 to	 explore	 a	 design	 space	with	more	 than	 1	 or	 2	 input	 variables,	 this	 quickly	
becomes	 a	 very	 large	 problem	 (see	 Bellman’s	 curse	 of	 dimensions	 (Bellman	 1957)).	 One	


















at	𝐻J = 3%)	or	the	daily	weighted	hours	of	exceedance	(threshold	at	𝑊J 	= 	6	degrees).		
To	improve	the	emulator	at	each	threshold,	EGI	uses	a	three-step	iterative	process:	
	








GP	 models	 are	 different	 from	 most	 linear	 regression	 methods	 as	 the	 outputs	 is	
represented	as	a	multivariate	Gaussian	process:	
	







a	mean	of	𝑚(𝒙)	and	 a	 variance	 of	𝑣(𝒙, 𝒙′)),	 this	 doesn’t	mean	 that	we	 think	 the	 original	
simulator	output	is	random.	Instead,	we	are	using	the	Gaussian	process	to	allow	us	to	express	


























































London	DSY1	 49.8	 5.4	 5.4	
London	DSY2	 86.5	 66.0	 66.0	
London	DSY3	 43.6	 0.4	 0.4	
Manchester	DSY1	 96.6	 35.7	 35.7	
Manchester	DSY2	 90.9	 27.2	 27.2	
Manchester	DSY3	 60.9	 0.8	 0.8	
Plymouth	DSY1	 100.0	 96.3	 96.3	
Plymouth	DSY2	 100.0	 75.3	 75.3	




































criteria	 2.	 The	 later	 as	 few	 as	 0.4%	 of	 buildings	 pass	 criterion	 2	 for	 London	 DSY3.	 The	
percentage	of	buildings	passing	both	criteria	is	the	same	as	those	passing	criterion	2.	Further	
investigation	has	shown	that	all	buildings	that	passed	criterion	1	passed	criterion	2.	
The	 results	 of	 the	 sensitivity	 analysis	 show	 how	 the	 biggest	 factor	 influencing	 both	
criteria	1	and	criteria	2	was	the	glazing	area.	Across	all	weather	files,	the	sensitivity	of	both	
criteria	 to	 the	 glazing	 area	 was	 between	 0.79	 and	 0.97	 (criterion	 1)	 and	 0.25	 and	 0.94	
(criterion	2).	Of	the	remaining	variables,	orientation	has	the	greater	influence,	but	this	is	not	
significantly	more	than	the	influence	of	the	insulation	location,	overhang	and	the	total	wall	/	
roof	 slab	 insulation	 thickness.	 Interestingly	 the	 amount	 of	 thermal	mass	 appears	 to	 have	
limited	 influence	on	the	overheating	response	 in	all	cases	(at	 least	compared	to	the	other	
variables).	









It	 is	 well	 understood	 that	 solar	 radiation	 plays	 an	 important	 part	 in	 overheating.	
However,	our	results	show	that	even	with	the	same	building	designs,	the	pattern	observed	is	
different.	For	example,	comparing	the	results	of	criterion	2	for	Manchester	DSY1	and	DSY2	
we	 see	different	 patterns.	 Both	have	 around	 the	 same	number	of	 compliant	 designs,	 but	
the	pattern	of	where	those	designs	lie	is	different	(see	Figure	4).		
We	 expect	 the	 number	 of	 buildings	 passing	 DSY2	 would	 be	 less,	 which	 is	 true	











that	 the	 glazing	 and	 orientation	 are	 the	 biggest	 determinants	 over	 the	 overheating	 risk.	
Further	work	 is	required	to	 investigate	these	same	relationships	for	other	passive	and	low	
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